SUMMARY i
The goal of this program is to use vapor growth to form polycrystalline plates of cadmium telluride (CdTe) 6", 8" and 10" in diameter. The resultant material will be evaluated as substrates for mercury-cadmium-telluride (HgCdTe) growth and as an infrared optical material. Late in the program, mercury vapor will be used in an attempt to grow HgCdTe layers on the large area CdTe plates.
Previous workers have grown large plates of CdTe 6" in diameter transporting the vapor using an inert gas. The starting material was pre-compound. The method to be used in this program was to compound the material and transport the vapor through a filter into the casting chamber for growth in one operation under vacuum.
Solid state recrystallization carried out at high temperatures over a long period of time will produce the desired large grain structure. The decision was made to convert to a three chamber quartz system in which the cadmium and tellurium vapors entered the
• -plate chamber from separate tubes.
The new process approach was used ten times to produce 6" diameter plates from a stoichiometric melt. Plates weighing almost 2Kgms and possessing the required large grain structrue Application of the process to grow 8" diameter plates was not successful at first. Plugging of the filters between the chambers was the major problem. However, this quarter, the problem was solved. The order of element transfer was changed. Cadmium is transferred first into the round casting chamber. The temperature is raised on both sides to trap the elements in between in the round casting chamber. In this manner, the solution concentration, grain size and growth conditions may be controlled.
The process was used successfully four times in a row m to prepare 8" diameter plates weighing 1-3Kgns. The grains were very large reaching perhaps 5-10 square inches and about .-0.3-0.5' thick. Visual examination indicates the grains are * ., essentially free of precipitants. Measured infrared transmission indicates high resistivity, high purity material because of the lack of free carrier absorption. Attempts to further lower the absorption coefficient by annealing material in cadmium and tellurium vapor were unsuccessful.
Next quarter, evaluation results from other workers in the HgCdTe field may become available Efforts to improve quality will continue with the construction of a FLIR type lens. A 4 new three zone furnace will be placed in operation. The first attempt to prepare a 10" diameter plate will carried out.
I INTRODUCTION
A crucial problem in the volume production of U. S.
Government FLIR systems is the availability of mercury-.Z cadmium-telluride (HgCdTe) detector arrays. Certainly fabrication of the arrays is difficult but the major problem is the availability of high quality detector material. The pressure of cadmium at the cadmium rich boundry staa fuctin o temeraure (2) bility field as a function of temperature is shown in figure 3 . The tellurium rich (2) is shown in figure 4 . In both diagrams, the data is compared to the pressure for the pure element, P Cd (1) 
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CdTe ( time for the liquid phases to become small in quantity. The trick in vapor growth is to be sure that the subliming material is near the stoichiometric ratio so that the resulting vapors are close to the proper ratio. Maintenance of the proper ratio during vapor growth is complicated by the fact that tellurium exists as a diatomic gas, Te2. The effusion rate * '-for a gas is inversly proportional to the square root of its molecular weight and directly proportional to its pressure.
Therefore, for CdTe sublimation, we find the effusion ratios to be (2)
.. 
The build up of one component over the other shifts the equilibrium and suppresses further sublimation. Some have used capillary tubes to allow the excess component build up in the vicinity of the source to be pumped away or eliminated. Others have used a carrier gas to carry the subliming vapors, with perfect ratios, to the deposition surface.
C. Vapor Growth of CdTe Plates

(3)
Shiozawa and co-workers at Gould used physical vapor deposition (PVD) to grow CdTe plates up to 6" in diameter. 
13H
The systems were operated semi-sealed.
Argon gas was used as a carrier. Pressures up to 1 atmosphere was used but 180 mm, the vapor pressure of stoichiometric Cd Te at 1050°C, was the preferred pressure. Later versions of the system used graphite parts to minimize the effects of air leaks. Also, inert gas was flowed through the furnace to protect the graphite components.
Plates thus produced were heat treated with both In the first step, both chambers are evacuated and heated to remove moisture. A small amount of aluminum wire is added to the elements to act as a getter of oxides in the molten glass.
GLASS PROCESS DIAGRAM
ZONE IZONE
After several hours, the chamber is sealed off while still under vacuum by heating and collapsing the pumping tube. The furnace is closed and need not be opened again until the glass is U quenched.
The temperature is raised in both chambers while rocking the furnace. The casting chamber is heated to prevent premature transfer of the elements from the compounding chamber. The " furnace is rocked for several hours to insure that all the elements have reacted properly and are uniformly mixed.
alowRocking is stopped and the glass casting chamber cooled to allow transfer of the compounded glass into the casting chamber.
Distillation occurs through a porous quartz filter which removes all particulate matter. The distillation generally takes 12-15
hours. The amount of material passed through the frit varies depending upon diameter and thickness. A 6" diameter plate 2"
. thick requires about 4Kgms of glass while a 8" diameter plate 2" thick requires 7Kgms of material. It is interesting to note .
•. that the purity of the finished material improves with quantity prepared. The total amount of impurities from quartz walls, --vacuum system, etc. remains constant while the ending concentration decreases with increase in mass. The distilled glass is Smixed by rocking. The glass is then allowed to cool while rocking down to the casting temperature range. Rocking is stopped " and the furnace leveled up. The glass is rapidly cooled using 7 compressed air to the anneal range 370 0 C. The glass is annealed 6-8 hours before being allowed to cool to room temperature. plate may be removed without breaking. The chambers are cleaned up and resealed for reuse. The compounding tubes are not saved.
•The impurities within the high purity beginning reactants are Kleft behind during the distillation. The residues are sometimes quite large indicating the effectiveness of the method in pre-, .paring high purity solid materials.
B. Modification for Vapor Growth of Cd Te
The temperature range involved in cadmium telluride compounding and solid state recrystallization is 1050-1100 0 C, well " "above the compounding temperature used for AMTIR-1. However, the furnaces are of sufficient caliber to reach and maintain these temperatures continuously. Times involved are much longer.
U nFrom start to finish the AMTIR-1 process requires 48 hours to produce a plate. High quality cadmium telluride grown from the vapor with solid state recrystallization (grain growth method) requires 300-400 hours (12-17 days) to produce good quality material 1" thic 3. For a 6" diameter plate, 2700gms of cadmium telluride would be grown. Considering all these factors, the -procedure carried out would be as follows:
1. The correct amounts of high purity cadmium and tellurium will be weighed out and placed in the compounding chamber as before. For a 6" plate, about 2700 grams will be required.
High purity aluminum wire will be added (10-20ppm) to serve as an oxide getter. The casting chamber may need to be carbon " •coated using graphite formed from the pyrolysis of acetone.
2. The compounding and casting chambers will be heated to 200 0 C to remove moisture and the chamber will be tipped off. 
3.
The casting chamber will be heated to 1100 C. The compounding side will be heated to the boiling point of cadmium (765 0 C) and rocking begun. Over a period of hours, the temper-0 3 ature will be increased to 1100 C while rocking to insure complete compounding of the cadmium telluride.
4. Rocking will cease and material transfer begun. The casting chamber side will be reduced to a temperature of 1000-1050 C to bring about transfer of material to the plate side.
The high temperature will be maintained so that grain growth will be a continuous process. Particulate matter and oxide impurities will remain behind in the compounding chamber. The time involved may be as long as 10-15 days.
5.
After completion of the run, the cadmium telluride plate will be removed from the chamber using a horizontal glass saw as is done for AMTIR plates.
C. Program Objectives n
A large diameter, thick, high purity, large grain plate of cadmium telluride will be formed. Individual large grains 1-4cm 3 in volume will be visible in the surf%..e of the plate after lapping and light etching. Evaluation and treatment of the plate depends upon the desired use.
First emphasis of the program will be to establish the growth parameters using 6" diameter chambers. Purity of resultant material will be verified by chemical analysis.
Elec-
trical, mechanical and optical evaluation techniques will be 20 used where appropriate.
After growth parameters are established, scale up for 8" diameter and 10" diameter plates will
W!
occur.
-* Substrates will be cut out of 6'" 8" and 10" diameter plates for evaluation for HgCdTe epitaxial growth. Disks 2" in diameter and 0.1" thick will be prepared for evaluation by groups designated by DARPA.
Disks 2"D x 0.25" thick will be prepared for optical homogeneity verification. The disks will be polished flat and paralled in order to carry out MTF based image spoiling tests.
Additionally, lenses will be fabricated for evaluation in the U. S. Army small imager FLIR common Module.
The last goal of the program will be to grow large area HgCdTe layers insitu. Mercury vapor will be admitted into the 6", 8" and 10" diameter CdTe growth chambers in an attempt 
D. Vapor Growth Results
* m
The results obtained in 14 attempts to prepare CdTe plates using a stoichiometric vapor approach was discussed in detail in Technical Report No. 2. The major difficulties encountered are summarized below:
1. Numerous quartz failures occured probably due to the attack of cadmium vapor at high temperatures and moderate pressures.
Formation of solid CdTe in the filters caused plug-
ging. The use of filters had to be abandoned early to aid attempts to transfer the stoichiometric material from the compounding chamber to plate chamber.
Sublimation of stoichiometric material in a vacuum
system is difficult to control and unpredictable. Excess of one component relative to another will shift equilibrium conditons.
4. Deposition does not always occur where desired.
Analytical results reported in technical Report No. 3
did not demonstrate a purity improvement over the reactants.
Filters were not used.
'" . 6. Trying to pass Cd and Te vapors through the same entrance at the same time to the plate chamber is the cause -of major problems.
E. Vapor-Melt Growth Method
The conclusion reached from the vapor growth results was that the Cd and Te vapors could not enter the plate chamber through the same entrance. A three chamber zone approach would be required if the program goals were to be met. A diagram depicting the modification of the AMTIR method is shown in figure 9 .
The elements are melted and purified while being pumped from both ends. After this step is completed and the chambers sealed, one element is transferred into the plate chamber and condensed as a liquid. In this case,
Te is transferred first. Condensation as a liquid in the *1
.bottom of the chamber insures CdTe plate growth will occur " where it is most desired. Notice the plate chamber is wrapped with quartz wool insulation to insure uniform temperature.
SU
The second step involves compounding CdTe by transferring Cd vapor into the chamber. After the melt is compounded, * "air may be blown on the bottom of the chamber to promote crystal growth from the center and the bottom of the melt.
'U
The procedure, equipment used and early results were reported in Technical Report No. 3. 
IV. Results for the Quarter
A. General
The conditions and results for all attempts to grow 8" diameter plates using the three chamber solution growth process are given in table 1. Only runs 32-40 occured in this quarter.
Results reported last quarter were essentially negative because .;
of failure to transfer the cadmium into the chamber containing the tellurium. Plugging of the porous quartz filter was the major problem.
Run No. 36 marked a departure from the procedures previously followed. A quartz ball joint was used as a check valve to eliminate the premature mixing of the reactant gases which plugs the filters. Unfortunately, the check valve became stuck. Attempts to unstick the valve using cadmium pressure resulted in the ball portion being blown through the quartz wall.
A carful study of all previous results made us realize that the grain size would be determined by the composition of the melt. The order of transfer of the elements had no effect on the solution concentration. As long as all the pre-weighed elements were transferred into the plate chamber, the solution concentration (and thus the liquidus temperature) was determined.
We therefore decided to transfer the cadmium first and then increase the temperature of both the tellurium and cadmium chambers so the elements would be trapped in between. The plate chamber . -could then be raised in temperature, slowly cooled with air blown " on the bottom on the center to initiate growth. Transfer of the cadmium first under the new conditions was tried first in run 37.
The composition of the solution was Cd45 Te55. The solution temperature was raised to 1085°C
and then slowly cooled at a rate of 6°C/HR. Air was blown on the bottom of the chamber. The procedure was very success-
ful
The plate removed from the chamber weighed over 2Kgms.
However, tellurium rich solution and dendritic growth was found on the top. The plate was waxed to a piece of glass and the unwanted portion ground away revealing a large grain plate of cadmium telluride.
A photograph of the resulting grain structure is shown in figure 10 .
Two views are given to show up grains by a different direction of illumination.
Notice a small region of dendritic, porous material occurs on one edge.
Examination of the photograph reveals a grain which reached completely across the plate, 8"x -1" in area.
Large portions * are single with some poly lines evident. All in all, about S1Kgm of useful material was made.
The same exact conditions were repeated in run 38 to demonstrate the results were reproducible. A photograph of the plate is shown in figure 11 . The plate was inadvertently ground too thin in an attempt to completely eliminate the dendritic portion.
As a result, the pressure of the diamond broke the plate, However, the nature of the grain structure can be seen. The results were excellent. Two grains are fully The decision was reached to decrease the cadmium concentration and grow from solution at a slightly lower temp-
The concentration selected for run 40 was Cd42 Te58. A charge of 3.3Kgms was used. The growth temperature was
1050'C.
When the plate was removed from the chamber, it weighed about 3Kgms. After grinding, the plate was 0.25" * a(6mm) and weighed about 1.2Kgms. The grain structure was good but somewhat smaller than runs 37-39.
C. Optical Evaluation
The plate from run 37 was left intact to serve as a demonstration of our ability to form 8" diameter plates. For this reason, samples were not prepared for optical evaluation.
Plate 38 was prepared in an almost identical manner.
Samples were cut from this plate and polished for evaluation.
The results are listed in table 2. Over the wavelength range hours. Previous workers at Gould (2) had used this method to lower absorption. However, our results were just the opposite.
1_
As indicated in table 2, free carrier absorption became very strong.
To correct the situation, we decided to vapor anneal * using tellurium vapor. We chose the conditions used effectively previously (2) of saturated vapor (3 x 10-2 atm) at 700 0 C for 120 hours. Results presented in table 2 show that no improvement was realized. Obviously, our anneal cycles will be different from those used by previous workers to treat vapor growth material.
Samples cut from plate 40 did not give as good results as those from 38.
Again, the absorption (or loss) was quite large.
The material was grown from a solution higher in tellurium con- No anlytical results were available for these plates.
The delays in obtaining emission spectagraphic results were * excessive.
A new source of data will be found.
4-
.
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V. Plans for Next Quarter
1.
The image spoiling test will be performed on different -.
regions of the same plate. A similar procedure was used during the AMTIR-I MM&T program to verify optical homogeneity.
2. A FLIR type lens will be fabricated from the polished plate evaluated for homogeneity. The lens will be plano/convex * to take advantage of the already generated flat surface. The Diversified Optics MTF test station will be used to evaluate the individual lens element.
3.
A new three zone furnace was ordered and will be put in service hopefully to improve the quality of the material.
4. Quartz required for 10" diameter plates has been ordered. First attempt for 10" plates should occur this quarter.
-5. Effort will be expanded in developing a method to generate substrates from the large grains of the 8" plates. i l6.
Efforts will continue to improve the quality of the -material produced.
K
